Endocytic trafficking relies on the maintenance of a dynamic network of organelles of specific composition and functions. Three main categories of endosomes are distinguished in the figure: early endosomes (EE), which receive cargo from multiple endocytic entry routes and from the trans-Golgi network (TGN); late endosomes (LE), which receive endocytic cargo from EE and convey it to lysosomes (LY) or to the TGN; and recycling endosomes (RE), which receive cargo from EE and deliver them back to the cell surface. Central to the organization of this network is the Rab family of GTPases that controls the identity and connectivity of the different classes of organelles (Zerial and McBride, 2001 ). Sixty-seven Rab GTPases are encoded by the human genome (Rojas et al., 2012) , and remarkably, different family members associate preferentially with different populations of organelles. A complex machinery controls their cycle of activation and their recruitment to membranes where they perform their functions through a specific set of effectors. This Snapshot illustrates the organization of the Rab-associated molecular machinery and its role in endocytic trafficking in mammalian cells. In the schematic and in the table, light blue represents early endocytic components, pale yellow represents late endocytic components, and light green represents recycling and biosynthetic components of the trafficking cycle. Rab Recruitment on Endosomes and Cycle of Activation/Deactivation. Rab GTPases are molecular switches alternating between the GDP-bound "OFF" and GTP-bound "ON" states. In the cytosol, GDP-bound Rab proteins associate with GDP dissociation inhibitor proteins (GDIs), which function as chaperones for their hydrophobic geranyl-geranyl moieties. How Rab proteins are targeted to specific organelles is still incompletely understood, but their transfer from the GDI complex to endosomal membranes may involve membrane-bound GDI displacement factors (GDFs). On endosomes, Rab-specific guanine nucleotide exchange factors (GEFs) catalyze the exchange of GDP by GTP (e.g., RABGEF1* in the figure) . In their GTP-bound conformation, Rab GTPases can interact with a specific set of effectors (see table, column 3). Rab effectors assemble into molecular machines that control essential endosomal functions, including spatio-temporal regulation of phosphoinositide metabolism, vesicle tethering and fusion, cargo sorting, vesicular transport, and recruitment of signaling molecules. In the case of Rab5, the effector RABEP1 forms a complex with the GEF RABGEF1, which amplifies Rab5 activation locally. Conversion to the GDP-bound conformation occurs upon GTP hydrolysis by the GTPase activity of the Rab proteins upon stimulation by GTPase-activating proteins (GAPs). GDIs may then extract the Rab proteins from the membrane, hence completing the cycle.
Phosphoinositide Regulation. Several phosphoinositide kinases and phosphatases have been identified as Rab effectors (see column 3 of the table, effectors in red). They include the class III phosphatidylinositol-3 kinase (i.e., PI3KR4 in complex with PIK3C3, see figure) that interacts with and is stimulated by Rab5. This kinase is essential to the endosomal system because it catalyzes the synthesis of PtdIns(3)P, which binds to the PX or FYVE domains of multiple endosomal proteins, including Rab5 effectors such as EEA1, ZFYVE20, and ANKFY1. Class I phosphoinositide-3 kinase (i.e., PIK3CB) and the phosphoinositide phosphatases OCRL, INPP4A, and INPP5B are also Rab5 effectors, underscoring the role of Rab5 in the regulation of endosomal phosphoinositide and thus organelle biogenesis.
Endosome Tethering and Fusion. The recent in vitro reconstitution of Rab5-dependent homotypic endosomal fusion has provided insights into the minimal components of the fusion machinery (Ohya et al., 2009 ). In addition to Rab5 and its GEF (i.e., RABGEF1 in complex with RABEP1), two effectors, EEA1 and ZFYVE20 in complex with VPS45, a member of the Sec1 family of SNARE regulators, are required and predicted to act as membrane-tethering factors. Their recruitment depends on their direct interaction with GTP-bound Rab5 as well as on the binding of their FYVE domain to PtdIns(3)P (see above). This complex associates with endosomal SNAREs (i.e., STX6, STX12, VTI1A, and VAMP4) as well as the N-ethylmaleimide-sensitive factor (NSF) ATPase and soluble NSF attachment proteins (SNAPs) in order to form a complete and recyclable fusion machinery. Rab7 and its multisubunit HOPS complex is another example of Rab-dependent membrane fusion machinery involved, in this case, in LE-LY fusion. The large number of tethering factors among the Rab effectors (see table, effectors in blue) suggests a more general role of Rab GTPases in membrane tethering and fusion.
Rab5-Rab7 Conversion. As endosomes progress along the degradation pathway, they lose their capacity to receive cargo from the surface and fuse homotypically while they gain the ability to fuse with lysosomes (Huotari and Helenius, 2011) . At the molecular level, this change is initiated by the replacement of Rab5 with Rab7. This Rab conversion is triggered upon the recruitment of the protein complex MON1A/B-CCZ1 at endosomal sites harboring GTP-bound Rab5 and PtdIns(3)P. MON1A/B-CCZ1 reduces Rab5 activity by removing its GEF, RABGEF1, from endosomal membranes. In addition, MON1A/B-CCZ1 was shown to be a GEF for Rab7 in yeast, thus contributing to Rab7 recruitment to endosomes. A yet-unknown GAP for Rab5 that would be recruited and/or activated by Rab7 has also been proposed to catalyze the termination of Rab5 activity on endosomes. An alternative mechanism that involves budding and fission of Rab7 domains from Rab5 endosomes has also been proposed. The Rab5-Rab7 conversion is an example of how the machinery associated with one Rab protein affects the activity and the membrane recruitment of another Rab protein-the previous or the next in the same trafficking pathway. This type of mechanism, referred to as Rab cascade and described in yeast as well as in mammalian cells, may be an essential design principle underlying, at the molecular level, the organization of trafficking pathways (Mizuno-Yamasaki et al., 2012) .
Membrane Curvature and Cargo Sorting. Generation of tubules for cargo sorting is a key feature of the endocytic system, and several Rab effectors possess Bin/Amphiphysin/RVS (BAR) domains, which can sense and/or induce membrane curvature. For instance, GTP-bound Rab7 aids the recruitment of the retromer complex, which has been proposed to mediate the generation of TGN-bound vesicles from endosomes and to play a role in cargo sorting. The two BAR domain-containing subunits, SNX1 and SNX2, drive tubule formation, whereas the VPS26, VPS29, and VPS35 trimer plays a role in cargo recognition. In addition, Rab9 recruits PLIN3 (also known as TIP47) that functions as a cargo-specific coat protein for the mannose-6-phosphate receptor, facilitating its sorting into the TGN-bound tubules (Pfeffer, 2011) .
Directed Transport. The transport of endosomes in the lysosomal or the recycling pathways depends on actin filament-and microtubule-associated motors (Soldati and Schliwa, 2006) . A number of Rab GTPases and their effectors mediate the attachment of endosomes to motor proteins (see column 3 of the table, effectors in green). For instance, the Rab11 effector RAB11FIP2 recruits the actin-dependent motor myosin MYO5B to recycling endosomes (see figure) . Similarly, Rab7 and its effector RILP mediate the recruitment of the microtubule-dependent motor dynein to late endosomes. MYO5B is also an example of a motor that binds directly to Rab proteins (i.e., Rab8, Rab10, and Rab11). Members of the kinesin family of microtubule motors can also interact directly with Rab proteins (e.g., KIF16B with Rab14 and KIF20A with Rab6) or indirectly (e.g., KIF16B with Rab5 via PtdIns(3)P).
Note: HGNC gene symbols were used for both the genes and the proteins encoded by these genes.
Alternative Gene Names ANKRD7, Varp; ANKFY1, Rabankyrin-5; APBA3, Mint3; DCTN1, dynactin/p150-glued; DENN5A, Rab6IP1; EXOC6, Exocyst subunit Sec15; F8A1, HAP40; FSCN1, Fascin; GOLGA2, GM130; GOLGB1, Giantin; GRIPAP1, GRASP1; INPP5B, Phosphoinositide 5-phosphatase B; KIF20A, Rabkinesin-6; MLPH, Melanophilin; MICALL2, JRAB; MYRIP, Slac2c; PIK3R4, Class III PI3K regulatory subunit p150; PIK3CB, Class I PI3K regulatory subunit p110beta; RAB11FIP1, RCP; RAB11FIP3, Eferin/Arfophilin-1; RAB11FIP4, Arfophilin-2; RAB11FIP5, RIP11/GAF1; RAB3IP, Rabin3/Rabin8; RABEP1, Rabaptin-4/Rabaptin-5alpha; RABEP2, Rabaptin-5beta; RABGEF1, Rabex-5/RAP1; RABIF, RASGRF3/Mss4; RIMS1, RIM; RNF115, Rabring7; RPH3A, Rabphilin/Exophilin-1; RPH3AL, NOC2; RUFY1, RABIP4; SYN1, synapsin I; TMF1, ARA160; UNC13D, Munc13-4; VPS52, SACM2L/ARE1; ZFYVE20, Rabenosyn-5; and ZFYVE27, Protrudin.
Abbreviations AJ, adherens junction; APG, autophagosome; CCV, clathrin-coated vesicles; EE, early endosome; FYVE, Fab 1, YOTB, Vac 1, and EEA-1; G4V, Glut4 vesicle; GAP, GTPaseactivating protein; GDF, GDI displacement factor; GDI, GDP dissociation inhibitor; GEF, guanine nucleotide exchange factor; ILV, intraluminal vesicle; LE, late endosome; LRO, lysosome-related organelle; LY, lysosome; M6PR, mannose-6-phosphate receptor; Mito, mitochondria; ML, melanosome; N.D., not determined; PG, phagosome; PI3P/PtdIns(3) P, phosphatidylinositol-3-phosphate; PM, plasma membrane; RE, recycling endosome; SFV, Simliki Forest Virus; SG, secretory granule; SNARE, soluble N-ethylmaleimidesensitive factor attachment receptor; SNX, sorting Nexin; STX, Syntaxin; SV, secretory vesicle; TGN, trans-Golgi network; TJ, tight junction; and TV, Tyrosinase-containing vesicles.
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